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Öz

Giriş: Çalışmada, çocuk yoğun bakım ünitesi (YBÜ)’nde alt solunum yolu 
enfeksiyonu tanısıyla yatan hastalarda viral patojen sıklığının ve hastala-
rın klinik özelliklerinin belirlenmesi amaçlanmıştır.

Gereç ve Yöntemler: Kasım 2016-Eylül 2017 tarihleri arasında çocuk 
YBÜ’ye yatan, viral enfeksiyon şüphesiyle viral solunum paneli gönde-
rilen ve pozitif saptanan 80 hasta çalışmaya dahil edildi. Solunum pa-
nelinde adenovirüs (ADV), metapnömovirüs (MPV), parainfluenza virüs 
(PIV) 1, PIV 2, PIV 3, PIV 4, influenza virüs (IV) A ve IVB, rinovirüs (RV), 
respiratuvar sinsityal virüs (RSV) A ve RSV B multipleks polimeraz zincir 
reaksiyonu (PCR) ile çalışıldı. Örnekler entübe olmayan hastalarda nazo-
farengeal sürüntüden, entübe olan hastalarda trakeal aspirasyon mater-
yalinden alındı.

Bulgular: Kasım 2016-Eylül 2017 tarihleri arasında YBÜ’ye toplam 514 
hasta yatırıldı. Alt solunum yolu enfeksiyonu tanısıyla yatan 123 hastada 
nazofarengeal sürüntü veya trakeal aspirasyon materyalinden örnek alı-
narak Multipleks PCR ile viral enfeksiyon paneli çalışıldı. Ortalama yaş 6.1 
± 3.6 aydı, hastaların %60 (n= 48)’ı erkekti. Seksen hastada 93 pozitiflik 
saptandı. On üç (%16) hastada çift etken pozitifliği vardı. En sık saptanan 
viral ajanlar 36 (%45) hastada RSV (A + B), 26 (%27.9) hastada RV, 7 (%7.5) 
hastada PIV 1, 6 (%6.4) hastada ADV, 5 (%5.3) hastada human MPV, 4 
(%4.3) hastada IVA, 4 (%4.3) hastada IVB idi. Çift etken pozitifliğinde en 
sık RV ve RSV B pozitifliği saptandı. En çok viral etken pozitifliği saptanan 
aylar aralık (n= 15) ve şubattı (n= 13). Hastaların %57’sine yüksek akım-
lı oksijen tedavisi, %12’sine noninvaziv mekanik ventilasyon uygulandı. 

Abstract

Objective: We aimed to determine the frequency of viral pathogen and 
clinical characteristics of patients hospitalized in the pediatric intensive 
care unit with the diagnosis of acute lower respiratory tract infection.

Material and Methods: Eighty patients with laboratory-confirmed viral 
infections among children admitted to the pediatric intensive care unit 
(PICU) between November 2016 and September 2017 with a suspicion 
of viral infection were included. Diagnosis was made using a respiratory 
viral panel including adenovirus (AV), metapneumovirus (MV), parainflu-
enza virus (PIV) 1, PIV 2, PIV 3, PIV 4, influenza virus (IV) A and IVB, rhino-
virus (RV), respiratory syncytial virus (RSV) A and RSV B, and multiplex 
polymerase chain reaction (PCR). Tracheal aspiration specimens were 
obtained from intubated patients and nasopharyngeal swab specimens 
were obtained from the remaining patients. 

Results: A total of 514 children were admitted to our PICU. Of 123 pa-
tients with lower respiratory tract infection, specimens from a nasopha-
ryngeal swab or tracheal aspiration were obtained and tested using a 
viral infection panel and multiplex PCR. Mean age of the patients was 
6.1 ± 3.6 months, 60% (n= 48) of the children were boys. Ninety-three 
positive results were obtained from 80 patients. The most common vi-
ral pathogens were RSV (A + B) (n= 36, 45%), RV (n= 26, 32.5%), PIV 1 
(n= 7, 8.7%), AV (n=6, 7.5%), human MV (n= 5, 6.2%), IVA (n= 4, 5%), and 
IVB (n= 4, 5%). The most common dual infection was RV and RSV B. Viral 
pathogen detection was the highest in december (n= 15) and february 
(n= 13). High-flow oxygen therapy was needed in 57.5% of patients, and 
12.5% had non-invasive mechanical ventilation. Twenty-seven (33.7%) 
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Introduction

Viral infections are an important cause of morbidity and 
mortality in childhood all over the world. The most common 
causes of lower respiratory tract infections (LRTIs), in particu-
lar, are viral infections. Viruses are responsible for 30-70% of 
acute RTIs where respiratory syncytial virus (RSV), influenza 
virus (IV), parainfluenza virus (PIV), bocavirus, metapneumo-
virus (MPV), adenovirus (AV), rhinovirus (RV), enterovirus, and 
coronaviruses account for the majority of these cases (1-3). 
Approximately, 12 million children are hospitalized each year 
with lower respiratory tract infections. More than 2 million 
children died in 2010 due to serious LRTI (4-6).

The inability to describe etiologic factors in patients with 
LRTIs admitted to the pediatric intensive care unit (PICU) re-
sults in unnecessary and inappropriate use of antibiotics, thus 
lengthening hospital stays and causing antibiotic resistance. 
As laboratory techniques develop for viral detection methods, 
isolation of these pathogens from respiratory secretions is be-
coming easier and more common. 

The aim of this study was to describe the viral detection 
profile and clinical characteristics of children admitted to the 
PICU with severe acute RTIs and evaluate the effects of detec-
tion of etiology on treatment and prognosis.

Materials and Methods

Eighty patients with laboratory-confirmed viral infec-
tions among children with acute LRTIs, who were admitted to 
Acıbadem Mehmet Ali Aydınlar University, Faculty of Medicine, 
PICU, between November 2016 and September 2017, were in-
cluded. Patient records were reviewed retrospectively. The study 
protocol was approved by the Ethics Committee of Acibadem 
Mehmet Ali Aydinlar University Medical Faculty (2017-10/11)

Acute LRTIs were diagnosed according to the clinical 
guidelines recommended by the World Health Organization 
(5,6). The inclusion criteria were as follows: 

•	 cough or difficulty in breathing and breathing faster than 
60 breaths/min (infants < 2 months), 

•	 cough or difficulty in breathing and breathing faster than 
50 breaths/min (2-12 months),

•	 cough or difficulty in breathing and breathing faster than 
40 breaths/min (1-5 years)

•	 sudden-onset fever >38°C, cough or sore throat, short-
ness of breath or difficulty in breathing (children > 5 years 
of age) or 

•	 severe pneumonia (any child aged 2 months to 5 years 
with cough or difficulty in breathing, and any of the fol-
lowing general danger signs: inability to drink or breast-
feed, vomiting everything, convulsions, lethargic or un-
conscious, chest indrawing, or stridor in a calm child),

•	 pneumonia requiring hospitalization

Diagnosis was made using a respiratory viral panel includ-
ing adenovirus (AV), metapneumovirus (MV), parainfluenza 
virus 1 (PIV 1), parainfluenza virus 2 (PIV 2), parainfluenza virus 
3 (PIV 3), parainfluenza virus 4 (PIV 4), influenza A (IA) and B (IB) 
viruses, rhinovirus (RV), respiratory syncytial virus A (RSV A) 
and B (RSV B), and multiplex polymerase chain reaction (PCR). 
Tracheal aspiration specimens were obtained from intubated 
patients and nasopharyngeal swab specimens were obtained 
from the remaining patients. Nasopharyngeal aspirate (NPA) 
or tracheal aspiration was collected from the patients on the 
first day of admission. Demographic information and medical 
test results were obtained using standardized forms.

On admission to hospital, laboratory data (total leuko-
cyte and lymphocyte count, C-reactive protein, procalcitonin) 
and blood culture waererecorded. Patients with leukocyto-
sis, high procalcitonin levels (0.5 ng/mL) and infiltration on 
chest X-ray with fever (axillary > 37.5°C) were treated with 
antibiotics (ampicillin-sulbactam 200 mg/kg/days) until 
blood culture results. Antibiotic therapy was discontinued in 
patients whose blood culture was sterile and PCR positive. 
Obtained data were analyzed using NCSS (Number Cruncher 
Statistical System) 2007 and PASS 2008 Statistical Software 
(Utah, USA).

Results

A total of 514 children were admitted to our PICU between 
November 2016 and September 2017. Of 123 patients with 
lower respiratory tract infection, specimens from nasopharyn-
geal swabs or tracheal aspirations were obtained and tested 

patients had to be intubated due to insufficient ventilation with noninva-
sive methods. The most commonly detected viral pathogen among the 
intubated patients was RSV B. The average intensive care length of stay 
for all children was 10.1 ± 3.6 days.

Conclusion: Viral infections are common among critically ill children in PI-
CUs. Hospital length of stay, morbidity, and mortality increase with under-
lying chronic diseases or dual infections. Early diagnosis of viral infections 
decreases unnecessary antibiotic use.

Keywords: Pediatric intensive care, viral infection, lower respiratory tract 
infections, multiplex PCR, respiratory viral panel

Yirmi yedi hasta noninvaziv yöntemlerin yetersiz kalması nedeniyle entü-
be olarak izlendi. Entübe olarak izlenen hastalarda en sık RSV B pozitifti. 
Tüm hastalar için ortalama YBÜ yatış süresi 10.1 ± 3.6 gündü.

Sonuç: Çocuk YBÜ’de yatan kritik hasta çocuklarda viral enfeksiyonlar sık 
görülmektedir. Altta yatan kronik hastalığı olanlarda veya çift viral etken 
pozitifliği saptananlarda hastane yatış süresi, morbidite ve mortalite art-
maktadır. Hastalara erken tanı konulması gereksiz antibiyotik kullanımını 
azaltır.

Anahtar Kelimeler: Alt solunum yolu enfeksiyonu, viral enfeksiyon, ço-
cuk yoğun bakım ünitesi, viral solunum paneli
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using a viral infection panel and multiplex PCR. Ninety-three 
positive results were obtained from 80 patients. Mean age 
of the patients was 6.1 ± 3.6 months, and 60% (n= 48) of the 
children were males. Twenty-one patients (26.2%) of the pos-
itive-resulted specimens were obtained from tracheal aspira-
tions; while fifty-nine patients (73.8%) from nasopharyngeal 
swabs. Thirteen patients had a dual infection. Most common 
viral pathogens were RSV in 36 (45%) patients, RSV B in 19 pa-

tients (23.8%), RSV A in 17 patients (21.3%), rhinovirus in 26 
patients (32.5%), parainfluenza virus 1 in 7 patients (8.7%), ad-
enovirus in 6 patients (7.5%), human metapneumovirus in 5 
patients (6.2%), influenza A in 4 patients (5%), and influenza 
B in 4 patients (5%) (Figure 1). The most common dual infec-
tion was rhinovirus (n= 9). Viral pathogen detection was the 
highest in December (n= 17) and February (n= 16). Figure 2 
summarizes the monthly distribution of viral pathogens. 

Figure 2. The monthly distribution of viruses.

Figure 1. Frequency of viruses.
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Primary symptoms of the patients on admission to hospi-
tal were cough (40%), wheezing (37.5%), rhinorrhea (26.3%), 
fever (17.5%), and cyanosis (7.5%) (Table 2). All patients had 
respiratory distress at admission. The most frequent diagno-
ses on admission were acute bronchiolitis (48.7%), pneumo-

nia (37.5%), febrile status epilepticus (8.7%) and pertussis 
(5%). Four patients with pertussis had co-infections; 2 patients 
were positive for RSV, the other two had RV. 

Eighty-six patients were treated with antibiotics (ampicil-
lin-sulbactam 200 mg/kg/day) until blood culture results. Fif-
ty-six of these patients were PCR positive, and 30 of them PCR 
negative. Sterile resulting blood cultures were reported at 72 
h. Antibiotic therapy was discontinued in twenty-six patients 
whose blood culture was sterile and PCR positive. However, 
antibiotic treatment was continued in 30 patients who need-
ed respiratory support.

High-flow oxygen therapy was needed in 57.5% of patients 
(n= 46), 12.5% (n= 10) had noninvasive mechanical ventilation. 
Twenty-seven patients (33.7%) had to be intubated due to in-
sufficient ventilation using noninvasive methods. Thirty-four 
viral pathogens were detected in 27 intubated patients. These 
pathogens were RSV (44.4%), RV (23.5%), PIV (8.8%), AV (8.8%), 
IA (5.8%), and IB (5.8%) (Figure 3). 

The average PICU length of stay for all children was 10.1 ± 
3.6 days. A patient who was positive for PIV 1 had the longest 
PICU stay of 15 days. Three patients died, two had dual viral 
infections (RSV and rhinovirus), one of whom had severe com-
bined immunodeficiency, the other had hypoplastic left heart 
syndrome. The cause of mortality in the third patient was fatal 
pertussis accompanied by RSV infection.

Discussion

LRTIs are among the most common causes of morbidi-
ty and mortality worldwide and are responsible for 18% of 

Table 1. Demographic and clinical data

Mean ± SD, n (%)

Sex (male/female) 48/32 (60/40)

Age (months) 6.1 ± 3.6

Tracheal aspiration/nasopharyngeal swab specimens 21/59 (26/74)

HFO therapy 46 (57.5%)

NIV 10 (12.5%)

Intubated 27 (33.7%)

PICU stay (day) 10.1 ± 3.6

HFO: High flow oxygen, NIV: Non-invasive ventilation, PICU: Pediatric intensive care 
unit.

Table 2. Primary symptoms on admission

Symptoms on admission n (%)

Cough 32 (40)

Wheezing 30 (37.5)

Rhinorrhea 21 (26.3)

Fever 14 (17.5)

Convulsions 7 (8.7)

Cyanosis 6 (7.5)

Figure 3. Viruses detected in intubated patients.
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deaths in children aged under 5 years (7,8). The etiology in LR-
TIs differs according to age; however, viral agents are the most 
frequently encountered pathogens, especially in children aged 
under 5 years. Among the most common pathogens are rhino-
virus, respiratory syncytial virus, influenza A and B, parainfluen-
za virus, metapneumovirus, and adenovirus (9,10). 

Uyar et al. have detected viral antigens in 35 (28.2%) of spec-
imens obtained from 124 children aged 0-5 years with clinically 
diagnosed LRTIs (11). The viral antigens detected from speci-
mens were as follows; RSV 40%, PIV types 28.6%, influenza B virus 
11.4%, coronavirus 8.6%, influenza A virus 5.7%, and adenovirus 
5.7%. Yüksel et al. have demonstrated viral pathogen positivity 
in 25.2% of children with LRTI symptoms (12). The most com-
mon viruses were RSV and AV (31.5%), followed by parainfluen-
za (26.3%) and influenza (23.6%), respectively. A study by Pelit 
et al. have presented 46.9% viral antigen positivity in pediatric 
patients (13). The most common virus was RSV (35.3%), 4.2% of 
patients had influenza A virus, and 1.9% had influenza B virus. 

Our study showed RSV as the most common viral cause 
in LRTIs, accounting for 45% of all patients. Nineteen patients 
had RSV B (23.8%) positivity, 17 patients had RSV A (21.3%) in-
fection. The other common pathogens were as follows; rhino-
virus (32.5%), parainfluenza virus 1 (8.7%), adenovirus (7.5%), 
human metapneumovirus (6.2%), influenza A (5%), and influ-
enza B (5%) virus. 

It is presumed that more than 95% of all children are infect-
ed with RSV in their first 2 years (13). RSV was the most com-
monly isolated pathogen in our study. While causing common 
cold in adults, RSV is responsible for LRTIs in 40% of infants and 
children. It has been shown that the most common pathogen 
in children younger than 5 years with pneumonia is RSV (15). 
Eriksson et al. have detected RSV in 89 of 135 children with LR-
TIs (66%), and Kuypers et al. have shown RSV in 239 of 1038 chil-
dren (23%) (16,17). Studies from our country show differences 
in the frequency of RSV, but a study from Karakoyun et al. have 
reported 63% positivity, whereas Kanra et al. have detected 
29.5% positivity in their study (18,19).  

Rhinovirus was the most commonly detected virus following 
RSV in our study. Human rhinoviruses (HRV) are usually associat-
ed with mild respiratory symptoms in children. However, some 
studies have found that HRV can cause severe disease, especially 
when the patient is co-infected with a second virus, immunode-
ficiency diseases, congenital heart diseases or prematurity (20). 
Twenty-six patients were rhinovirus positive. In addition, nine 
patients had dual infections, five patients had a history of pre-
maturity, four patients had congenital heart diseases, and one 
patient had immunodeficiency. We believe these to be facilitat-
ing factors for rhinovirus infections in the lower respiratory tract.

Molecular methods such as multiplex PCR for the diagnosis 
of respiratory viral infections allow testing for multiple agents 
at the same time, detecting more than one viral pathogen in 

a patient. Akcalı et al. have diagnosed viral agents in 41.8% of 
patients with LRTIs (21). Further, they have detected multiple 
pathogens in 10.4%. Four specimens were RSV-rhinovirus, one 
specimen was RSV-coronavirus, one specimen was rhinovi-
rus-coronavirus, and one specimen was RSV- rhinovirus-coro-
navirus. A study including children in the PICU by Frobert et al. 
have reported the multiple infection rate as 35% and RSV was 
the most commonly detected virus in multiple viral infections 
with a rate of 24.3% (22). In our study, 13 patients had multiple 
viral infections. The most frequent diagnosis in multiple infec-
tions was RV and RSV. 

Viral etiologies causing LRTIs in children and frequency can 
differ according to the seasons and months of the year (23). 
January and March are the peak seasons for viral infections in 
England and the United States of America; as for areas with 
more temperate climates, hospital admissions increase during 
December and April. Studies in Turkey show an increase in viral 
LRTIs during December (24). Similar to previous studies, viral 
pathogen detection was most common during December and 
February in our study. 

RSV infections can cause a more severe clinical presentation 
and higher mortality rates. Although mortality rates in pre-
viously healthy babies were reported as 0.5-1%, it is between 
3-5% for premature and chronic lung disease, and the mortality 
rate dramatically increases to 33% in children with severe heart 
diseases (25,26). RSV infection was positive in 3 patients who 
died during our study. One patient, who was co-infected with 
Bordetella pertussis, died of multiple organ failure and severe 
pulmonary hypertension. The other two patients were diag-
nosed as having congenital heart disease and combined im-
mune deficiency, respectively. Both had dual viral infection of 
RSV and rhinovirus. Furthermore, RSV was the most commonly 
isolated pathogen from patients requiring invasive mechanical 
ventilation due to severe respiratory failure. We argue that RSV 
causes more severe infections compared with other viral patho-
gens and can be mortal in pertussis co-infection or with an un-
derlying chronic disease. 

Antibiotic use is common in patients in PICUs with LRTIs 
due to high fever, the presence of pathologic radiologic find-
ings, and severe clinical presentation of children aged under 
one year. With laboratory confirmation of viral pathogens, early 
termination of antibiotic treatment can prevent antibiotic re-
sistance, decrease treatment costs, and shorten PICU length of 
stay. However, the viral agent detected with PCR from respira-
tory tract samples may be the cause of a recent infection rather 
than the current infection, or a different viral agent not included 
on the viral panel may be responsible for clinical disease. Also, 
only one agent is not always responsible for lower respiratory 
tract infections, mixed infection can also occur. It is important to 
discuss treatment options and duration of treatment in patients 
admitted to the intensive care unit. It is not appropriate to de-
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termine the same treatment approach for each patient. In our 
study, patients with no risk factors or no signs of bacterial infec-
tion did not receive antibiotic therapy; antibiotics were stopped 
in patients after viral agent positivity and sterile blood culture 
were confirmed. However, antibiotic therapy was continued in 
patients with severe illness and need for respiratory support de-
spite positive PCR and no evidence of bacterial infection.

Conclusion

Viral infections cause LRTIs that may progress to severe respi-
ratory distress in children. RSV, in particular, can be mortal under 
circumstances of co-infection or co-morbidities. Early and fast 
detection of viruses causing RTIs can reduce unnecessary anti-
biotic use and prevent antibiotic resistance. With the right diag-
nosis, hospital stay duration shortens and morbidity decreases.
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ması. Mikrobiyol Bul 2000;34:339-45. [CrossRef]
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